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GEOLOGY AND GROUND-WATER RESOURCES OF THE
LOWER LITTLE BIGHORN RIVER VALLEY, BIG HORN
COUNTY, MONTANA

By E. A. MouLpgr, M. F. Krug, D. A. Moggis, and F. A. SweENsoN

ABSTRACT

The lower Little Bighorn River valley, Montana, is in the unglaciated part
of the Missouri Plateau section of the Great Plains physiographic province.
The river and its principal tributaries rise in the Bighorn Mountains, and
the confluence of this northward-flowing stream with the Bighorn River is
near the east edge of Hardin, Mont.

The normal annual precipitation ranges from about 12 inches in the northern
part of the area to 15 inches in the southern part. The economy of the area
is founded principally on farming, much of the low-lying land adjace~t to the
river being irrigated. The irrigated land is within the Crow Indian Reserva-
tion, although a part is privately owned.

The bedrock formations exposed in the area are of Cretaceous age and
include the Parkman sandstone, Claggett shale, Eagle sandstone, Telegraph
Creek shale, and Cody shale. The Cloverly formation, Tensleep sandstone,
and Madison limestone, which underlie but are not exposed in the area, and
the Parkman sandstone in the southern half of the area appear to be the
principal bedrock aquifers. All except the Parkman lie at depths ranging from
a few feet to several thousand feet, and all appear to be capable of yielding
water in commercial quantities. Some of the other formations are capable
of yielding enough water for domestic and stock needs.

The river alluvium of Recent age and the Pleistocene terrace deposits are
the principal unconsolidated formations in the area with respect to water sup-
ply and drainage. Wells yielding as much as 100 gallons per minute may be
developed in favorable areas.

Pumping tests reveal that the transmissibility of the coarser unconsolidated
materials probably ranges from about 15,000 to 30,000 gallons per day per foot.
Two tests of the Parkman sandstone showed transmissibilities of €.000 and
20,000 gallons per day per foot. Although a test of the Cloverly formation
showed a transmissibility of only 3,000 gallons per day per foot, the high
artesian pressure—80 pounds per square inch at the land surface—in the
Cloverly caused the tested well to yield about 200 gallons per minute by natural
flow; this is greater than the yield of any other single well in the area.

. Textural .properties were compared with the hydraulic properties determined
by laboratory tests to show the relation between different types cf water-
bearing materials. Materials classified as heavy soils—normally somewhat
dense and impervious—had an average permeability of 7.2 gallons per day per
square foot, which was more than expected. One sample of very coarse allu-
vial material had a permeability of 6,000 gallons per day per square foot.

The depth to water beneath irrigation units was mapped, thus showing the
waterlogged areas. Waterlogging is not a serious problem where the water
table is more than 6 feet below the land surface.
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For the drainage studies the unconsolidated deposits are classified in two
zones—coarse-grained sediments resting on the relatively imperimeable bedrock
floor and overlying fine-grained sediments which extend to the land surface.
The transmissibility of the coarse-sediment zone generally i* many times
greater than that of the fine-sediment zone.

Because in many places drains could not be economically dug deep enough
to enter the coarse zone, the study of the effectiveness of drain+ completed in
the fine zone received much attention. The studies showed that, despite a
considerable thickness of fine-grained sediments between the bottom of the
drain and the top of the coarse zone, drainage ditches frequently were effective
in relieving waterlogging of fields nearby. Pilot relief wells ins‘alled in exist-
ing drains showed that the effectiveness of some drains could be increased
appreciably by installing a series of relief wells.

Records of fiuctuations of water levels in 196 observation wells and water-
level contour maps were studied to show the principal areas of recharge and
discharge in the irrigable areas. These studies show, for examnle, that canal
leakage and underfiow from small tributaries caused waterlogging by concen-
trating recharge in some localized areas. Tests made on one section of canal
indicate that the canals leak at a rate of 100 to 400 gallons a day per foot
of their length.

Specific proposals for.draining waterlogged areas were made by considering
all pertinent factors. The suggested depths and locations of tl < drains were
based on (a) the type and thickness of material to be drained, (b) the source
and amount of recharge to the area, (c) the transmitting properties of both
the coarse- and fine-sediment zones, (d) the possible effects from proposed
irrigation units, and (e) the topography. Consideration of tl~> drainage of
surplus irrigation water and runoff is beyond the scope of this report.

Surface water from the Little Bighorn River and Lodge Grass Creek is the
principal source of water for irrigation in the area.

Chemical analyses were made of 71 samples of water collecte? from several
sources. Water from the Cloverly formation and the Parkman sandstone is
soft and has a high sodium content. Although in the southern part of the
area the water from these bedrock aquifers is suitable for domestic and many
industrial uses, its high percent sodium makes it undesirable for irrigation.
In general, the ground water from unconsolidated aquifers ard the surface
water are hard; the predominant ions in the ground water are sodium and
sulfate and in the surface water are calcium, magnesium, and bicarbonate.
The surface water from the perennial streams is best for irrigation, whereas
ground water from the unconsolidated deposits is highly variable in mineral
content and its suitability varies correspondingly. Ground water from the
unconsolidated deposits generally is suitable for either irrigation or domestic
use, but in a few localities the content of dissolved solids exceeds 4,000 parts
per million and the water is undesirable for most purposes.

INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION

In April 1952, at the request of the U.S. Bureau of Indian Affairs,
the U.S. Geological Survey began an investigation of the factors
affecting drainage of irrigated and irrigable lands cn the Crow
Indian Reservation along the Little Bighorn River and its tributary
Lodge Grass Creek. The primary purpose of the invesrtigation was
to collect and interpret geologic and hydrologic data pertinent to
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the design and construction of proper drainage facilities on land
that was irrigated or proposed for irrigation. Because most of
the information needed for the drainage study is also pertinent to a
study of the ground-water resources of the area, a secondary purpose
was an evaluation of the present and potential development of the
ground-water resources of the area.

The study was under the general direction of G. H. Taylor,
regional engineer of the Ground Water Branch in charge of ground-
water investigations in the Missouri River basin. F. A. Swenson,
district geologist for Montana, supervised both the fieldwcvk and
the preparation of the report.

The study of the chemical quality of the water was under the
supervision of P. C. Benedict, regional engineer of the Quality of
Water Branch, in charge of investigations in the Missour' River
basin. The quality-of-water study was begun during the 1952 field
season by E. R. Jochens, who prepared some of the maps and charts.

The measurement of stream discharge was supervised by Frank
Stermitz, district engineer for the Surface Water Branch in
Montana.

LOCATION AND EXTENT OF AREA

The area included in the investigation extends downstrear: along
the valley of Lodge Grass Creek from a point about 4 miles south-
west of Lodge Grass and downstream along the valley of th~ Little
Bighorn River from Lodge Grass to Hardin, Mont. (See fig. 1.)
Within the area are three operating irrigation units—Lodg» Grass
No. 1, Reno, and Agency—which total 14,617 acres. Also included
in the area are two proposed irrigation units—the Benteen Flat and
the Battlefield units. The total area described in this report is about
100 square miles. -

PREVIOUS INVESTIGATIONS

The geology and natural resources of Big Horn County and the
Crow Indian Reservation were described by Thom, Hall, Wegemann,
and Moulton (1935). A soil survey by Nunns (1945) included the
valleys of both the Bighorn and Little Bighorn Rivers. Buck (1947)
reported on the history of land and water use in irrigatel areas
within Big Horn County and pointed out that “drainage is a real
problem” on the Crow Irrigation Project. Richards and Rogers
(1951) described and discussed the possible occurrence of oil and gas
in the Hardin vicinity, which includes the northern part of the area
described in this report.

More recently, Richards (1955) has described the geology of the
Bighorn Canyon-Hardin area and Knechtel and Patterson (1956)
have described the deposits of bentonite in the Hardin district. Their
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F1GuRrRE 1.—Map showing location of area described in this rerort.

geologic maps are based largely on the maps of Richards and Rogers

(1951).
METHODS USED IN THIS INVESTIGATION

The surficial geology of the report area was mapped originally on
aerial photographs (scale, 1:12,000 or 1 inch=1,000 feet) and the
data were later transferred to base maps (pls. 1-1). Previously
published geologic maps of the area served as guides for the more
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detailed mapping done during this investigation. Information on
the lithology, thickness, and structural attitude of the subsurface
bedrock formations was obtained from published reports ard from
geologists’ and drillers’ logs of oil wells and test holes (table 21)
and deep water wells (table 22). Supplemental informatior on the
unconsolidated deposits in the Agency unit was obtained from logs
of seismic shotholes drilled by oil companies (table 23).

Jetting equipment was used to install 196 observation w~lls and
test holes (pls. 1-4, fig. 2, and tables 25 and 28). The altitude of
the land surface at all of these points was determined by spirit
leveling. An additional 29 test holes were bored to determine only
the depth to water. The location of these test holes and the altitude
of the water level in them are indicated on the maps shoving the
depth to water (pls. 5, 6, 8, 10, 11) and the contour of the water

1/16~inch bored hole

3/4-inch pipe cop
l=—Standord 2-inch pipe

Lond surface

—= =—3/4-inch golvonized pipe 1 1/2-inch bv 2 -inch
stondord bushing

Perforated carrugated-
e~ steel inn>r liner

Cost-metal
coupling

Ji

#6860 perforoted bross
well screen, 2 inches ~—uf:
0 D, 30 inches fong

Slotted bross
strainer

Z— 1/8~inch brass balt

1 1/2~inch bross cop

/Boll check valve

Sow-toothed jet
nozzle

FI16URE 2.—Sketch showing construction details for wells installed during this investigation :
water-level observation well (at left) and well pumped for aquifer test (at right).
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table® (pls. 5-11). Supplemental information on the position of
the water table was obtained by determining the altitude of the
water level in domestic wells, in test holes drilled by the U.S.
Bureau of Indian Affairs, and of ponds considered to be hydraul-
ically connected to the ground-water reservoir.

Whater-level measurements were made in 181 wells. Of these wells,
10 were equipped with automatic recording gages, 151 were measured
biweekly during the irrigation season and at monthly intervals
during the remainder of the year, and 20 were measured at irregular
intervals. (See tables 26 and 27.)

The hydrologic properties of the principal water-bearing beds in
the report area were determined by making aquifer tests at six sites.
Soil samples were collected at 19 sites and analyzed in the hydrologic
laboratory of the U.S. Geological Survey at Lincoln, Nebr., to obtain
information on their hydrologic and physical properties. (See table
24.)

Surface-water gaging stations of the Geological Survey provided
daily records of discharge and gage heights at 4 points along the
Little Bighorn River and at 1 point on Lodge Grass Creek. A
temporary gaging station was established on the Agency Canal to
estimate the quantity of water being diverted into the canal.

The effect of canal leakage on the water table during periods of
known canal stage was determined by making water-level measure-
ments in wells along a line perpendicular to the canal.

The chemical laboratory of the Geological Survey at Lincoln,
Nebr., analyzed 55 samples of ground water and 16 samples of sur-
face water. Results showed the type of water characteristic of the
various sources of supply and the general suitability of each type
for irrigation and domestic use.

Topographic and soils maps furnished by the Bure~u of Indian
Affairs were used in studying drainage problems. Some of the ob-
servation wells were installed adjacent to, and in, drains so that the
effectiveness of the drains could be determined by measuring the
difference in head between the water in the drain and the water in
the aquifer.

ACKENOWLEDGMENTS
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1 The term “water table,” as used herein, refers to that surface that coincides with the
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and well drillers gave information on water wells, use of ground
water, history and practices of irrigation, cause and extent of water-
logging, and efforts to improve drainage in the area.

WELL-NUMBERING SYSTEM

Most of the wells and test holes in the report area were assigned
two numbers, one a temporary field number and the other a perma-
nent number based on the location of the well according to a survey
of the area by the Bureau of Land Management. Field numh~rs were
not assigned to wells and test holes used for only a single water-level
measurement or the collection of a single water sample for chemical
analysis. Within each irrigation unit, observation wells were as-
signed consecutive field numbers in an upstream direction; however,
supplementary wells installed later were numbered without regard
to their location within the unit. An explanation of the field
numbering system follows.

Observation wells measured at regular intervals.—The letter pre-
ceding the field number designates the unit in which the well is
located. The letters are as follows: A, Agency unit; B, Battlefield
and Reno umits; C, Benteen Flat unit; and D, Lodge Gress No. 1
unit. (Example, D-24.)

Wells pumped during aquifer tests—The letter “P” is followed
by a digit designating the test-site number. (Example, P-5.)

Observation wells measured during aquifer tests—The frst digit
refers to the test-site number, the following letter or letters indicates
the direction from the pumped well, and the second digit indicates
the position of the observation well in relation to the position of the
pumped well and the other observation wells. (Example, vell 2-E3
is the third well east of the pumped well at test site 2.)

Wells measured in studying canal leakage—The letters “CP” are
followed by a well number. (Example, CP-6.)

Wells measured in studying drain effectiveness—The letters “DR”
are followed by two numbers, the first indicating the drair and the
second the individual well along that drain. (Example, DR13-1.)

Seismic shotholes—The numbers assigned by the seismograph
companies were retained for use in this study. (Example, 7340.)

Soil-sample test holes.—The number assigned to the test hole is
identical to that given the first soil sample collected from the hole.
(Example, 31.)

Each permanent well number begins with a capital letter which
indicates the quadrant of the principal meridian and base-line sys-
tem for Montana. The quadrants are designated A, B, C, and D,
beginning with the northeast quadrant and continuing in a counter-
clockwise direction. The first numeral of a well number indicates the
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township, the second the range, and the third the section in which
the well is located. The lowercase letters following the section num-
ber indicate the location of the well within the section. The first
letter denotes the quarter section, and the second letter the quarter-
quarter section, or 40-acre tract. The subdivisions of th» section are
lettered a, b, ¢, and d in a counterclockwise direction, beginning with
the northeast quarter. A graphical illustration of this method of
well numbering is shown in figure 3. If more than one well is in
the same 40-acre tract, their otherwise identical numbers are distin-
guished by adding different digits after the lowercase letters. These
digits are assigned consecutively, beginning with 1, in the order in
which each well would be encountered by the counterclockwise sweep

of a line extending from the center of the tract to the northeast
corner.

R.2W.R.IW.R. 1E. R33E. 34 35 36 37 R3°E

N
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N A ZeH
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w

|—10
o &
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T T |
| | |
4
6 5 3 2 ! b | a | b | a
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18|17 |16 | 15414 | 13 MO
— =F—=—-21 "——T———-
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31 32 33 34 35 36

|
|
| !
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|
|
1

F16URE 3.—Well-numbering system.
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The sites at which water samples were collected from streams and
drains were assigned numbers according to the same system used
for assigning permanent well numbers.

GEOGRAPHY
PHYSIOGRAPHY

The lower Little Bighorn River valley is in the unglaciated part
of the Missouri Plateau section of the Great Plains physiographic
province (Fenneman, 1928, pl. 1). It is bounded on the west by an
upland of rough hills that lie between it and the Bighorn River, and
on the east by a rough, hilly area—known as the Rosebud Mcuntains
—and the Pine Ridge plateau, which lies north of the Rosebud Moun-
tains. The Bighorn Mountains, on the northwest slope of wlich the
Little Bighorn River rises, lie about 35 miles southwest of the south
end of the area.

The maximum altitude of the Rosebud Mountains is abont 5,600
feet and the average altitude of the Pine Ridge plateau i~ about
4,100 feet. The highest peaks of the Bighorn Mountains are nearly
10,000 feet above sea level. Although the total relief within the
drainage basin of the Little Bighorn River is about 7,000 fest, it is
only about 650 feet in the area described by this report.

The most conspicuous topographic features within the area are the
prominent stream terraces and pediment slopes, which were formed
as the Little Bighorn River became entrenched in the easily eroded
bedrock. The terraces are principally on the west side of the river
and consist of a series of gently sloping surfaces that range ir height
from 10 to 650 feét above the present level of the stream. The
upper edges of the terraces merge with erosional surfaces, or pedi-
ments, developed on the bedrock formations of the upland. A large
part of the area designated as undifferentiated Upper Cretaceous
rocks on plate 4 is such a pediment and is mantled by a thin deposit
of unconsolidated material. The terraces and pediments are crossed
in places by the fairly wide drainageways of intermittent tributaries
of the Little Bighorn River. Several of these intermittent streams
have built alluvial fans out onto the lower terraces. The peliments
on the east side of the Little Bighorn River rise sharply from the
alluvial bottom to the abrupt escarpment that forms the east valley
wall.

Apparently the Little Bighorn River has migrated downslope on
the eastward-dipping bedrock formations, as is indicated by terrace
remnants that are preserved almost exclusively on the west side of
the valley. Probably the alluvial fans of the tributaries that enter
the valley from the west also have been a factor in forcing the river

508882 0—60——2
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to flow along the east valley wall. The terraces ard pediment
slopes and, in many places, also the scarps between terraces are
mantled by slopewash.

CLIMATE

The climate of the region is characterized by abundent sunshine,
low relative humidity, light precipitation, and wide daily and
seasonal variations in temperature.

The monthly precipitation and average monthly teraperature at
Wyola, Crow Agency, and Hardin during 1951 and 1952 are shown
in figure 4. Although in both years the average monthly tempera-
ture was above normal and the monthly precipitation b>low normal,
the seasonal distribution of precipitation was so favorable that dry-
land crops generally were successful. The normal annual precipita-
tion is 14.71 inches at Wyola, based on 21 years of record; 15.07
inches at Crow Agency, based on 71 years of record; and 12.14 inches
at Hardin, based on 12 years of record. Records of precipitation at
other stations in the vicinity of the report area, some of which are
short or incomplete, indicate that annual precipitation generally
increases westward from Busby, which is about 24 miles east of
Crow Agency, and southward from Hardin. Wide variations in
monthly precipitation at the various stations indicate that much of
the precipitation is from localized storms. Although the distribu-
tion of rainfall generally is favorable for crop growth, wide devia-
tions from the normal make dryland farming an uncertain venture.

During the period of record at Crow Agency, precipitation ranged
from 4.65 inches in 1934 to 25.25 inches in 1912. (See fig. 5.) The
least precipitation recorded in any year was 30 percent of normal
annual precipitation. The frequency of occurrence of v~rious depar-
tures from normal annual precipitation in this area may be estimated
from curves (fig. 5) based on precipitation data col'»cted at the
Crow Agency station. It may be deduced from the curves that
about 27 percent of the years of record had a departure of 2 inches
or more below normal—or 18 of 66 years had less than 13 inches
of precipitation.

SURFACE WATER

The Little Bighorn River drains an area of about 1,275 square
miles. From its headwaters in the Bighorn Mountains in Wyoming
to the base of the Bighorn Mountains in Montana, the Little Big-
horn River flows swiftly and turbulently through a nesrrow canyon
about 2,000 feet deep. From the mountains to its junction with the
Bighorn River at Hardin, however, the Little Bighorn is a meander-
ing stream and is bordered by terraces and pediment s'opes. About
2 miles above its confluence with the Bighorn River at Hardin, the
Little Bighorn River has been diverted from its natural channel
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are published annually by the Geological Survey in a series of water-
supply papers entitled “Surface water supply of Missour’ River
basin.” The maximum, minimum, and average flows recovded at
each station are given in table 1. The table shows also the acreage
irrigated in 1952 by upstream diversions.
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Almost all the water used for irrigation in the area is derived
from either the Little Bighorn River or Lodge Grass Creek. To
insure a more adequate supply, a 114-foot dam was con-tructed
about 15 miles southwest of the town of Lodge Grass on Willow
Creek near its confluence with Lodge Grass Creek. Its reservoir has
a storage capacity of 23,000 acre-feet of water, most of vhich is
diverted from Lodge Grass Creek by a low dam and carried by
canal to the reservoir. Water released from the reservoir is diverted
at successive points downstream into canals that supply the Lodge
Grass No. 1, Reno, and Agency units. Some water is pumped di-
rectly from the Little Bighorn River to irrigate land not supplied
with water from the principal canals. Part of this water is delivered
to the fields by ditches and the rest by sprinkler systems. A small
amount of ground water is used for lawn and garden sprinkling and
for irrigation.

Before the construction of Willow Creek Reservoir, water for irri-
gation in the lower valley was in short supply. Inadequat~ diver-
sion structures have been partly responsible for water shortages dur-
ing periods of low flow even since construction of the reservoir. The
design capacity of the principal diversions within the Little Bighorn
River basin and the quantities of water for which appropriative rights
have been filed are given below:

Diversion Design capacity | Aprropriative
S Piaht (cfs)

Federal and private diversions upstream from re-

portarea_ _ _.________ . _____________ | . 237
Lodge Grass No. 1 Unit Canal___________________ 200 134. 5
Reno Canal___ ______________ __ o _______ 85 112
Ageney Canal_ ____ . ________ . _________ 210 166. 6

Total. _ e 650. 1

In the Little Bighorn River drainage basin, as_in many drainage
basins throughout the West, the appropriative rights exceed the
total supply. The amount of water diverted, therefore, is loss than
the appropriative rights.

The municipal supply for the city of Hardin is obtained from the
Bighorn River. During extended hot, dry periods the system is
barely adequate because treatment facilities are a limiting factor.
Together, the larger stores and the creameries are the major users of
the water; they are supplied 8,000-16,000 gpd (gallons per day) in
the summer, and some supplement the water obtained from the
municipal supply with water pumped from wells on the prewmises.

Both the railroad and sugar refinery pump water directly from the
river. During its 60-day production season, the refinery pumps
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about 5 mgd (million gallons per day). The water is passed through
settling tanks and part of it is treated for use in boilers. Water for
culinary purposes in the refinery is trucked from the municipal sup-
ply at Hardin. After the sugar-beet season, the refinery ceases
operations and water consumption is reduced to the small amount
needed for the heating system.

Pass Creek, which enters the Little Bighorn River at Wyola, and
Lodge Grass Creek, which enters at Lodge Grass, are the principal
tributaries. Both are perennial streams. Although the many other
smaller tributaries flow only during periods of heavy runoff, the
underflow in the coarse alluvial fill of some of their valleys con-
tributes, in places, to the waterlogging of irrigated lend. To im-
pound water for livestock, dams have been constructed in several of
the small tributary drainageways.

HISTORY

Probably the first white men to visit what is now Big Horn
County were a small party of Frenchmen, led by Chevalier de la
Verendrye, who were searching for a route to the Pacifz Ocean. In
1743 they reached the Bighorn Mountains but turned back because of
warfare among the Indians.

In the early 1800’s a few trappers and prospectors explored the
area in their quest for furs and gold. Although forts and trading
posts were established along the Yellowstone River as early as 1807,
and many miners and settlers passed through Big Horn County
along the old Bozeman Emigrant Trail, it was not until about 1876
that settlements were established in the Little Bighorn River valley.

The attempt by Indians to halt the settlement by white men
reached its climax when the Sioux and Northern Cheennes joined
forces to resist the U.S. Army in its efforts to force tham back onto
the reservation. Plans were made for the infantry, lel by General
Gibbon, to proceed westward up the Yellowstone River to the mouth
of the Bighorn River and then continue southward up the valleys of
the Bighorn and Little Bighorn Rivers; and for the cavalry, under
General Custer, to proceed southwestward up Rosebud Creek, cross
the divide to the west, and continue westward down Heno Creek to
the Little Bighorn River valley. Discovery of the Indian forces in
the Little Bighorn River valley prompted Custer to divide his cavalry
troops into three separate commands and to attack. The overwhelm-
ing Indian forces quickly gained the advantage, however, and suc-
ceeded not only in completely annihilating Custer’s command but
in inflicting heavy losses on the commands led by Major Reno and
Captain Benteen. This was the last great battle staged by the Sioux.
The following day, June 26, 1876, the Indians became aware of the
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approaching infantry troops and retreated to the south. In 1877,
in its effort to prevent Indian uprisings, the Federal Government
established Fort Custer at the confluence of the Bighorn and Little
Bighorn Rivers. The Custer Battlefield National Cemetery is within
the area described by this report.

An act of Congress in 1851 established the Crow Indian Reserva-
tion as the area bounded on the north and west by the Yellowstone
River, on the south by the 45th parallel, and on the east by the 107th
meridian. In 1880, 1890, and 1904, the areal extent of the reservation
was reduced successively to its present size of about 8,300 square
miles. The Federal Government has built schools and a hospital on
the reservation and also has done much to encourage the develnpment
of agriculture. Very little of the farming, however, is done by the
Indians.

According to the 1950 census, the population of Big Horn County
was 9,824, or an average of about 2 persons per square mile. About
20 percent of the population is Indian.

AGRICULTURE

The wanton slaughter of buffalo in the late 1800’s left the range
ideally suited to cattle raising, which developed rapidly in Big Horn
County between 1880 and 1890. Despite strong resistance from the
cattlemen, sheep raising expanded extensively in the early 1907s. As
dryland farming generally was considered impractical, some r~nchers
irrigated bottom-land meadows by diverting river water onto them.

To help make the Indian lands self-supporting, the Feder~1 Gov-
ernment constructed irrigation projects in the valley. The Reno unit
in the valley of the Little Bighorn River was completed in 1885.
Six years later, the Federal Government authorized the Crow Irriga-
tion Project for the development of irrigation in the valleys of the
Bighorn and Little Bighorn Rivers and of Pryor Creek. In the
Little Bighorn River valley, the Agency unit was completed in 1895
and Lodge Grass No. 1 unit in 1896. Several subsequent acts of
Congress have provided for the further development and irprove-
ment of these units.

Meanwhile, enthusiasm for irrigation was spreading throughout
the State. In January 1892 a convention held in Helena passed
resolutions asking the Federal Government for aid in the Statewide
development of irrigation and the sinking of wells. Homesteaders
came to Big Horn County in 1906 and, when climatic conditions were
favorable, successfully farmed the dry land. Although a s»ries of
poor crop years caused widespread abandonment of farms and added
impetus to the growth of irrigation farming, improved agricultural
practices and the planting of drought-resistant varieties of grein have
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made dry farming practicable on the benchland bordering the irri-
gated valley land.

Before 1915, when sugar beets were first grown in the area, the
principal irrigated crops were alfalfa and small grains. Since then,
and especially since the construction in 1927 of a suger refinery at
Hardin, more and more acreage has been planted in sugar beets.

Most of the Indian-owned farmlands in the area are leased to
white farmers on a competitive-bid basis and for short terms only.
Consequently, the tenants seldom stay on a farm lorg enough to
become interested in long-term conservation measures and providing
for adequate drainage. Also, only a few of the Indian owners have
sufficient capital to make the improvements. In recent years the
increase in owner-operated farms has resulted in a growing demand
for a coordinated drainage program.

Irrigation probably will be extended to benchlands ir the Bighorn
River valley if an adequate supply of water can be made available.
The Federal Government has proposed the constructior of a dam on
the Little Bighorn River, just north of the Wyoming State line, to
impound 50,000 acre-feet of water. The project is indefinite, how-
ever, because of problems involving land values, construction methods,
and other factors.

INDUSTRIES AND MARKETING

The production and processing of livestock and other agricultural
products are the principal occupations in the area. Mo<t of the live-
stock is shipped to marketing centers outside Big Horr County, and
only that consumed locally is processed locally. A sugar refinery
just north of Hardin processes all the beets produced on the reser-
vation and some of the surplus production from other areas. Other
industries, all of which are small and serve only local demands, in-
clude two creameries, machine and blacksmith shops, and coal mines.

Hardin and Lodge Grass are marketing centefs for se~d and grain;
Billings is the chief market for livestock.

TRANSPORTATION

The Chicago, Burlington & Quincy Railroad traverces the Little
Bighorn River valley from Wyola to Hardin. Paralleling the rail-
road is Highway 87—a paved road connecting Hardin with Sheridan,
Wyo., and Billings, Mont. Paving programs that were underway in
1954 were designed to provide better routes to the east and north.

MINERALS AND TIMBER RESOURCES

Large deposits of low-grade bituminous coal are present in the
eastern part of Big Horn County but until 1954 had keen mined on
only a small scale. The possibility of mining bentonite that crops
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out a few miles south and west of the area was studied by Knechtel
and Patterson (1952). Known deposits of gypsum and limestone
west of the area have not been developed commercially.

Wells in and around Hardin formerly produced sufficient natural
gas to supply the local demand, but increased use of this resorrce has
so depleted the gas pressure that a supplementary supply had to be
piped into the city. A well on the W. Lynde ranch on Lodg~ Grass
Creek yields sufficient natural gas for domestic heating and cooking.
Similar supplies have been developed at a few other places within
the area. Oil exploration was active in Big Horn County during the
early 1950’s, and producing wells have been completed a few miles
east of Hardin.

Very little timber grows in the area. Although valuable stands of
coniferous trees grow in the adjacent mountainous areas, nc exten-
sive lumbering operations were in progress in 1952-54.

GEOLOGY
STRATIGRAPHY

The area is underlain by a great thickness of sedimentary rocks.
From exposures within the area and on the flanks of the Pighorn
Mountains, and from logs of oil test wells (table 21), the s>quence
of these rocks is fairly well known. Two bedrock formations of
Cretaceous age, the Cloverly formation and the Parkman sardstone,
and most of the unconsolidated deposits of Quaternary age are
sources of water supply. Several other bedrock formations are po-
tential sources of supply. The thickness, lithologic character, and
water-bearing properties of the exposed stratigraphic units, as well
as those believed to be present in the subsurface, are given in the
following composite geologic section (table 2). The areal ertent of
the unconsolidated deposits and the outcrops of the bedrock forma-
tions are shown in plates 1 to 4.

STRUCTURE

The most prominent structural feature in the area is a no-theast-
trending monocline, which crosses the Little Bighorn River valley
between secs. 11 and 25, T. 2 S., R. 3¢ E. Dips on the flank of the
fold are as much as 17° southeast. Northwestward between the fold
and Hardin, the bedrock formations are gently arched over the axis
of a northeast-plunging anticlinal nose. Southward, betwen the
fold and the town of Lodge Grass, the strike of the bedrock forma-
tions veers progressively from southwest to south to southe-st and
the dips are, respectively, to the southeast, east, and northeast.
Along Lodge Grass Creek the bedrock formations dip gently north-
east. No faulting is evident within the area.
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GROUND WATER

Water precipitated from the atmosphere may follow one of many
devious paths before it finally returns to the atmosphere. Th» princi-
pal routes that may be followed within the drainage basin of the
Little Bighorn River are shown on the graphic representaticn of the
hydrologic cycle (fig. 7). In certain phases of this cycle the quanti-
ties of water involved can be determined by making only a few direct
measurements, in some other phases the quantities can be estimated
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with fair accuracy, but in the remainder a great many measurements
would be necessary to obtain even a rough approximetion ‘of the
amounts involved.

Computations, from measurements of precipitation ancd streamflow
over a period of 15 years, indicate that about 20 percent of the annual
precipitation on the Little Bighorn River drainage basin leaves the
basin as streamflow; whereas for the United States, this figure is
about 30 percent. If the relatively small amount discharged from the
basin as underflow is disregarded, the other 80 percent either evapo-
rates immediately or sinks into the soil and eventually i~ transpired
by vegetation or evaporated from the soil.

PRINCIPLES OF OCCURRENCE

Water not held by molecular attraction in the interstices of the soil
is drawn down by gravity to the zone of saturation, the zone in which
all openings are filled with water under hydrostatic pressure. The
upper surface of the zone of saturation is the water table. Its posi-
tion coincides with the level of water in uncased holes dug or drilled
into the zone of saturation.

The principal forces that act upon water in a porous medium are
gravity, capillary attraction, and friction. The force c¢f gravity is
downward, capillary attraction increases in the directior of decreas-
ing moisture content, and frictional force is opposite to the direction
of water movement. In a fine-grained porous medium kaving a low
moisture content, the capillary force may exceed the gravitational
force and cause the water to move upward.

Where the water table is within fine-grained sediments and is only
a few feet below the land surface, considerable ground water may
evaporate after being lifted to the land surface by capillarity. Con-
versely, where the water table is within coarse-grained sediments or
is several feet below the land surface, or both, little ov no ground
water is discharged to the atmosphere by evaporation from the soil
surface.

Ground water confined under pressure between two layers of im-
permeable material is artesian, and, where the upper confining layer
is penetrated by drilling, the water rises in the hole to a level that
coincides with the piezometric surface of the confined water.

As water percolates through the ground it dissolves minerals in the
soil. The degree of mineralization of ground water is proportional
to the time the water has been in contact with the minerals, the
chemical nature and the temperature of the water, and the solubility
of the minerals with which it is in contact.
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HYDROLOGIC PROPERTIES OF BEDROCK AQUIFERS, UNCONSOLI-
DATED AQUIFERS, AND SURFICIAL FINE-GRAINED SEDIMENTS

The rate of water movement within the zone of saturation is gov-
erned by the hydraulic gradient and by the type of material through
which the water flows. In general, the larger the minimum ¢iameter
of the interstitial passages and the greater the ratio of spaces to
solids in a given rock material, the faster water can move through it.
The diameter of the interstitial passages is governed by the size,
shape, distribution, and arrangement of the individual rock p-rticles.
A coarse, rounded gravel containing only a few fine particles or a
rock containing large fractures or solution channels is capable of
transmitting water rapidly; conversely, a dense, fine-grained mate-
rial, such as clay or shale, transmits water very slowly.

The ability of a unit cross section to transmit water i~ called
permeability, and the ability of an aquifer as a whole to transmit
water is called transmissibility. The coefficient of permeability is
defined as the quantity of water at 60°F that will flow in a given time
under a unit hydraulic gradient through a cross section of unit area.
The field coefficient of permeability is the same unit except that is
measured at the existing temperature of the water. As the coefficient
of transmissibility is the product of the field coefficient of permeabil-
ity and the thickness of the aquifer, it is the amount of water that
will flow in a specified time under unit hydraulic gradient through
a cross section of unit width extending the full thickness of the aqui-
fer. The coefficient of permeability is expressed in units called
meinzers—gallons per day per square foot—and the coeffizient of
transmissibility is expressed in gallons per day per foot. The
hydraulic gradient is 1 foot per foot in both coefficients.

The volume of water an aquifer releases from, or takes into, stor-
age per unit of surface area of the aquifer per unit chang~ in the
component of head normal to that surface is called the coeffcient of
storage. If the aquifer is unconfined—a nonartesian, or water-table,
aquifer—the coefficient of storage is almost the same as the specific
yield. The specific yield is defined as the ratio of the volume of water
that a material, after being saturated, will yield by gravity to its
own volume. The specific retention is a related unit expres-ing the
quantity of water retained against the pull of gravity. It may be
computed by subtracting the specific yield from the porosity.

An evaluation of the ground-water resources of an area necssitates
knowledge of the hydrologic properties of the principal aquifers.
Therefore, the coefficients of storage and transmissibility of the aqui-
fers that are sources of water supply in the area were computed inso-
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far as possible from data collected during field tests. The values
computed for the unconsolidated aquifers have been used in preparing
suggestions for solving the drainage problems. As knowvledge of the
hydrologic properties of the fine-grained sediments overlying the un-
consolidated aquifers also was needed, laboratory tests were made on
samples of representative soils from the Agency and Battlefield units.

FIELD TESTS OF AQUIFERS

The wells used in testing the consolidated formations were either
privately or municipally owned, and the wells used ir testing the
unconsolidated aquifers were installed by the Geological Survey.
The two types of wells installed for the tests are shown in figure 2,
and the type of pumping unit used is shown in figure 8; the test-site
locations are shown on plates 1, 3, and 4. Pumping rates were con-
trolled during the tests by adjusting valves, and the d'scharge was
measured by using an orifice meter. Periodic measurements of water
levels were made in the wells during either the pumping or recovery
period. The data were analyzed by the “nonequilibrivm” methods
described by Theis (1935), Wenzel (1942), and Coope+ and Jacob
(1946). All test data are included in tables 3 through 8, and repre-
sentative test data and computations from curves at each test site are
shown in figures 9 through 14.

¥-in, transpa~ent
orifice gage

2-in.
2-in. hose clamp, 1%-in. gate vaive. gaivanized
pipe
— v ==
Orifice plate with 1-in. opening! XN

N

| —6-hp air-cooled gasoline engine

FicUurRE 8.—Sketch showing type of pumping unit used in making aguifer tests.
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TABLE 3.—Water-level drawdown in three observation wells during pumping of well
D56-35-27bb5 (P-4), Lodge Grass No. 1 unit

Time since pumping began !
(minutes)

Drawdown (feet) 2

Well D5-35-27bb3 | Well D5-35-27bb2 | Well Dx-35-27bb1
@-N1)3 (4-N2)+ (4-N3)5

0. 0. 00 0. 00 0. 00
QLTI . 46 34 .06

4 .45 .36 .07
B e e . 51 . 40 .11

T e .63 .49 .15
8 e . 66 . 53 17
10 . . 63 . 53 .19
Y2 L. . 61 . 53 .20
4 .. . 66 . 56 .21
16 .- . 68 . 56 .22
18, oLl . 69 . 58 .23
20 - .71 . 61 .26
23 . .74 .62 .27
26, . .76 . 64 .28
29 - .76 . 65 . 29
32 . .77 . 66 .30
36 - .78 . 66 .31
40 .. .79 . 67 .32
45 .. . 80 . 69 .33
50 . .81 . 69 .34
55 L . 81 .70 .35
60 oo . 82 .71 . 36
66 . . 83 .71 . 38
T e .84 .72 .38
80, - . .85 .74 .39
90, - oo .85 .74 . 40
100 oo .76 .41
110 .. . 87 .77 .42
120, oo .89 .78 .44
140 .. .01 . 81 .45
160 . .92 .82 . 47
180 . .94 . 82 .49
210 .. .94 . 85 . 52
215 . .94 . 85 .52

1 Pumping at constant rate of 15 gpm.

2 No wells pumped nearby; water levels assumed to be constant before test pumping began.

3 25 feet from pumped well.
4 50 feet from pumped well.
5100 feet from pumped well.
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TABLE 4.— Approzimate water-level recovery in observation well D6—25-13ac3 (6-S1)
after pumping of well D6-36-13acs (P-56), Lodge Grass No. 1 unit

[Well D6-35-13ac4 (P-5), a Lodge Grass municipal well, was pumped continuously at 75 gpm for several
days prior to test. Pumped well is cased to depth of 156 feet and uncased below; casing is perforated from
depth of 100 to 146 feet. Observation well D6-35-13ac3 (5-81) is cased to depth of 143 feet and uncased
below; casing is not perforated. Observation well is 45 feet southwest of pumped well. Assumption
was made that water level in pumped well was essentially stable at end of pumping period]

Time since pump- Depth to Total water- Time since pump- Depth to Total water-
ing stopped water below | level recovery ing stopped water below | level recovery
(minutes) measuring (feet) (minutes) measurin (feet)
point (feet) point (fet;
{0 9. 03 0.00 || 13 _.____ 7.19 1. 84
1. . 8. 30 .75 16 ________ 7. 10 1. 93
2 .. 8. 06 LO7 |19 7. 02 2. 01
R S 7. 90 1.13 4| 24 ______ 6. 92 2.11
4_ . 7.76 1.27 || 29 ____ 6. 84 2.19
L5 J 7. 65 1.38 || 36 ______ 6. 75 2.28
6. __ . 7. 56 1.47 || 39, . _.____ 6. 70 2. 33
T o e 7. 48 1.556 || 49 _______ 6. 59 2. 44
8 - 7. 41 1.62 | 89 . ______ 6. 50 2. 53
L D 7. 36 1. 67

TABLE 5.—Approximale artesian-pressure recovery in well D6-35-21db (P-6),
Lodge Grass No. 1 unit
[Well D6-35-21db (P-6) discharged at average rate of 158 gpm for 52.5 minutes. Shut-in pressure prior

to disfcha]rge was stabilized at 75 psi. Thickness of aquifer, 15 feet; depth to aquifer below land surface,
3,365 feet

Time since discharge began (¢) Time since dis- Shut-in pressure
(minutes) charge stopped (') 714 (psi)
(minutes)
53.00 .. 0. 50 106. 0 64
5317 . . 67 79. 4 65
53.25 .. .75 71.0 66
5347 . .97 55. 1 67
53.75_ _ 1. 25 43.0 68
54.25  _ . 1. 75 31.0 69
5492 _ _ o _ 2. 42 22. 7 70
55683 .. 3. 33 16. 8 71
57.67_ 5. 17 11. 2 72
6000 ___ . 7. 50 80 73
64.50  _ __ .. 12. 00 5 4 74
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TaBLE 6.—Water-level recovery in well D3~356-18dc (P-3), Baitlefiel 1 unit

[Well D3-35-18dc (P-3) was pumped continuously for 71.7 minutes at a rate of 70 gpm prior te test. Depth
to water before pumping started, 10.86 feet]

Time since pumping started () Time since pump- Depth to water be-
(minutes) ing stopped (¢') th low measuring point
(minutes) (feet)
1.0 72. 7 14, 98
2.0 36. 8 14. 62
3.0 24.9 14. 39
4.0 18.9 14. 19
50 15. 3 14. 02
6.0 12. 9 13. 84
7.2 10. 9 13. 73
80 10. 0 13. 65
9.0 9.0 13. 54
10.0 8 2 13. 45
11. 0 7.5 13. 37
12.0 7.0 13. 29
13.0 6.5 13. 21
15.0 5.8 13. 07
16. 0 5.5 13. 01
19. 0 4.8 12. 84
21 5 4.3 12. 73
24. 7 3. 90 12. 59
27.0 3. 66 12. 52
30.0 3.39 12. 40
33. 5 3. 14 12. 31
37. 5 2. 91 12. 23
42.0 2.71 12. 09
44. 0 2. 63 12. 05
51.0 2. 41 11. 93
56. 0 2. 28 11. 86
60. 0 2. 20 11. 79
75. 0 1. 96 11. 62
90. 0 1. 80 11. 51
105. 0 1. 68 11. 41
120. 0 1. 60 11. 34
135.0 | . 1. 53 11. 30
150. 0 1. 48 11. 25
180. 0 1. 40 11. 16
210. 0 1. 34 11. 12
240. 0 1. 30 11. 08
300. 0 1. 24 11. 03
360. 0 1. 20 10. 99
420. 0 1. 17 10. 96
480. 0 1.15 10. 94
600. 0 1. 12 10. 91+
780.Q 1.09 10. 89
1,200. 0 1. 06 10. 88
1, 440.0 1. 05 10. 87




32 LITTLE BIGHORN RIVER VALLEY, MONTANA

TaBLE 7.—Water-level drawndown in three observation wells during pumping of
well D2-34~3dc2 (P-1), Agency unit

. Drawdown (feet)
Time since pumping began !
(minutes)
Well D2-34-3dc3 Well D2-34-10abl Well D2-34-3dcl
(1-E)? (1-8)3 (A-W)+
00_____ o _____ 0. 00 0. 00 0. 00
5 U RSTN IO .05 .01
1.5 |l __ .09 .04
3.0 .. .13 . 07
4.5 . 14 .08
6.0 _ | ___._ .18 .10
80__ . 32 20 11
100 _____ ________________ .34 21 12
120__ o _____ .35 22 13
150 . .36 23 14
180___ ____________________ . 87 24 15
21.0_ L __ .38 25 16
240______________________. . 38 25 16
2790 ___ . .39 26 17
30.0__ ____ ________________ . 40 26 17
340_____ . . 39 26 17
380__ . . 39 27 17
420____ o ___ 40 27 17
470 . 40 29 17
520__ _____ o _.___ 41 29 18
580 __ _____________________ 41 29 18
64.0_______________________ .42 28 19
700 ___ . .43 30 19
77.0_ | . . 30 20
840______ . .42 30 20
920______ . ___ .43 31 20
1000______________________. .43 32 20
11560 _ ____ . _____ .44 32 21
130.0_______ o _____ .45 33 21
1450_ ____ ________________._ . 46 33 21
1650 . _______ . 48 35 23
2000 ______ . ________ .48 37 23

1 Pumping at constant rate of 14 gpm.
2 30 feet from pumped well.
3 40 feet from pumped well.
4 50 feet from pumped well.

TaBLE 8.—Water-level drawdown in five observation wells during rumping of well
D2-34-36db3 (P-2), Agency unit

Drawdown (feet)
Time since pumping began !
(minutes) Well Well Well Well Well
D2-34-36dbd | D2-34-36db5 | D2-34-36db6 | D2-34-36db7 | D2-34-36db2
(2-E1)2 (2-E2)3 (2-E3) ¢ (2-E4) % (2-81)¢

00 ______________ 0. 00 0. 00 0. 00 0. 00 0. 00
05 ___ .53 21 S R IS, [P
1.5 . 1. 08 46 || 28
30 .. 1. 20 [ 1 T (R PSR 34
4.5 . 1. 24 B8 . 36 39
6.0 . ___ . ______ 1.27 | ______ 63 38 41
80 _ _____________ 1. 30 65 |_____.____ 40 45
100 _______ .32 |______._.. .70 43 47
1200 ________ 1. 35 [ 44 49
140 . . ______ 1.37 |__________ 74 45 51
160_ . ____ 1. 38 4 2 P, 46 52

See footnotes at end of table,



GROUND WATER

33

TaBLE 8.—Water-level drawdown in five abservation wells during pumping of well
D2-34~-36db3 ( P-2), Agency unit—Continued

Drawdown (feet)
Time since pumping began!
(minutes) Well Well Well Well Well
D2-34-36db4 | D2-34-36db5 | D2-34-36db6 | D2-34-36db7 | N2-34-36db2
(2-E1) 2 (2-E2)3 (2-E3) ¢+ (2-E4) 3 (2-81) ¢
180_ . __________ .39 | _______._ 0.76 0. 47 0. 53
200 _____________ 1. 40 75 | . . 48 . 55
220_____ . ______ L41 | _________ 78 . 49 . 56
240 . _______ 1. 42 76 . . 50 . 56
260______________ 1.43 | _______ 79 . 50 . 57
280 . ____ 144 | _______ | ... .51 . 57
29.0_ | _. R & A I SO U
30.0______________ 1.44 |__________ . 80 .52 . 58
3200 _________ 1. 45 R4 I I . 52 . 58
340 . __________ 1.46 |_________._ . 82 . 52 . 59
36.0___ .. ________ 1. 46 .80 . . 53 . 59
380 .. 1.47 |__________ . 83 . 53 . 60
40.0______________ 1. 47 .82 | ... . 54 . 61
430 _________.___ 1.48 |_____.____ . 85 . 54 . 62
46.0_ . __________ 1. 49 .83 | . . 55 .63
490_ . ___________ 1L.50 |__________ . 87 . 55 . 64
520 __________ 1. 50 L84 . . 56 . 64
55.0_ _______.____ L51 |_____.__. . 88 . 57 . 65
58.0__________.____ 1. 52 .86 | ___ . 57 . 66
62.0______________ 1.53 | .___ . 89 . 58 . 67
660 ______.______ 1. 55 87 | . . 58 . 68
700 ______.____ .56 | _________ .91 . 59 . 69
75.0. . _________ 1. 56 .89 | . . 60 .70
80.0______________ 1.66 |_________. .92 . 60 .71
85.0_ - ____________ 1. 57 90 |- .61 .71
90.0_ . ______ L58 (._________ .94 . 61 .72
956.0_ _______.______ 1. 59 L92 | .62 .73
1000 _ . ___________ 1.60 |__________ . 94 . 63 .74
1100 .. ________ 1. 61 94 |- .75
1110 || l. .97 B N P
1200 _ .. _______ 1. 62 94 | . 64 .76
1210 || ¢ /2 I E
1300 _ . _______ 1. 62 94 || __ .77
1832.0 - .65 .
1833.0_ || CO7 ||l
1520 __________ 1. 63 .96 | . . 66 .79
1530 || . 98 | |-
1700 .. ____ 1. 66 98 |- .81
1710 _ | e 1.00 §_ o feeoooos
1720 | e 67 .
1900 __ ___________ 1. 67 99 || .83
1920 - | 1. 01 .68 [
2100 _ _______.____ 1. 69 .01 | |- .85
2110 _ |- 1.02 (|-
2120 | e .69 |
2300______________ 1. 70 .02 |- . 87
231.0_ _ || LO03 | aoao-
2330 |t N8 U T,
252.0_ . ____ 1. 72 1.02 |- . 89
253.0. - ||l 1. 04 /3 T I,
280.0_ || 1. 06 72 .
2820______________ 1. 74 1.04 |- .90
3120 - ____ 1.76 1.06 - ________ .73 .92
3130 - || 107 |o oo
3500 ___________.__ 1. 78 1.08 | |- .96
3600 - | 76 |
1 Pumping at constant rate of 15.5 gpm. 4 80 feet from pumped well.
2 30 feet from pumped well. 3100 feet from pumped well.
3 50 feet from pumped well. 6 40 feet from pumped well.
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TABLE 9.—Results of pumping tests

Test well Coefficient of trans- | Field coefficient
missibilitf{) (gpd per o(f pgrmea;:ll}g Cogéﬁ;gient of
Coordinate system Field gpe persa a8
Terrace deposits
D2-34-3de2.__________ P-1______ 30, 000 1, 600 O]
D2-34-36db3_________ P-2______ 15, 000-20, 000 1, 600 ®
D5-35-27bb5_ __ _ __.___ P-4 ____. 15, 000 1, 000 ®
Parkman sandstone
D3-35-18de._._________ P-3______ 6, 000 60 | ________._
D6-35-13ae4____._____ P-5 _____ 20, 000 370 5x 10~¢
Cloverly formation
D6-35-21db___________ P-6______ 3, 000 190 | __._.

1 Results erratie; all values very small.

The results of the tests are summarized in table 9. The calculated
values of transmissibility for the tests of the unconsolidatec aquifers
may be somewhat in error because of the hydraulic properties of the
overlying deposits. The test sites were selected in areas where the
piezometric surface was several feet above the top of the coarse-
grained sediments, in the expectation that drainage of the fine-
grained sediments during the testing period would be slight and that
the water levels in the observation wells would respond like those
in a true artesian system. If drainage was not appreciable, the cal-
culated values of transmissibility would be approximately correct; if
appreciable, the values would be too high. Although the values ap-
pear to be correct for this type of aquifer, the wide variation in
calculated values of storage coefficient make the test results look
doubtful.

The values given for the coefficient of permeability were obtained
by dividing the coefficient of transmissibility by the approximate
thickness of the aquifer. The thickness of the water-yieldir « beds in
the bedrock aquifers was estimated. The materials penetrated in
drilling wells D8-85-18dc (P-3) and D6-35-21db (P-6) were logged
accurately (table 22), but well P-3 was drilled only part way into
the water-yielding formation and well P—6 possibly taps more water-
bearing material than the log indicates. No log for well D6-35-
13ac4 (P-5) was available. Although the values for the bedrock
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aquifers probably are correct, they are more likely to be too high
than too low. The thickness of saturated gravel througt which wells
D2-34-3dc2 (P-1) and D2-34-36db3 (P-2) were drilled was known
from logs (table 25), but the thickness penetrated in drilling well
D5-35-27bb5 (P-4) was estimated from logs of nearby seismic
shotholes.

Because the data collected in two of the tests of bedrock aquifers
consisted of water-level measurements in the pumped well only, the
storage coefficient could not be determined. However, by assuming
that the loss of head at the pumped well is negligible and by com-
paring the water-level drawdown with the yield of the well and
the computed coefficient of transmissibility, certain general conclu-
sions may be made about the storage coefficient of the eauifer. For
example, although two wells may have been similarly constructed
and may tap aquifers of equal transmissibility, their spacific capaci-
ties (yleld per unit of drawdown) are different if the storage coef-
ficients of the aquifers are unlike—that is, the well tapping the
formation having the smaller storage coefficient has the smaller
specific capacity.

As well D6-35-13ac4 (P-5) was sealed, no measurements of water-
level drawdown could be made. However, a nearby well having the
same diameter and tapping the same formation had a spe-ific capacity
of about 10 gpm per foot of drawdown after 1 hour of pumping,
so this value was projected to apply to well D6-35-13ac4 (P-5).
Well D3-35-18dc (P-3) had a specific capacity of about 11 gpm per
foot of drawdown after 1 hour of pumping. Althougl the specific
capacity of well D3-35-18dc (P-3) was nearly equal to that applied
to well D6-35-18ac4 (P-5), the transmissibility at well D3-35-18dc
(P-3) was only about one-fourth of that at well D6-35-13ac4 (P-5).
It can be concluded, therefore, that the storage coefficient at well
D3-35-18dc (P-3) is larger than that at well D6-35-13ac4 (P-5).

Because well D6-35-21db (P-6) definitely is artesian and because
its specific capacity in relation to the transmissibility coefficient of
the aquifer is small, it is believed that the storage coefficient of the
aquifer also is very small—probably between 2>X10-5 and 2X 10,

LABORATORY TESTS OF SURFICIAL FINE-GRAINED SEDIMENTS

The physical and hydrologic properties of the major soil types in
the Agency and Battlefield units were determined in tl> hydrologic
laboratory of the Geological Survey at Lincoln, Nebr. "he sampling
sites are shown on plates 8 and 4 and the textural classification of
the samples, together with the results of the tests, are given in
table 10.
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The textural classification was made at the time of sampling.
Samples of clay and silty clay were designated as “heavy”; clay
loam, silty clay loam, and sandy clay loam as “moderatel;” heavy”;
loam, silty loam, and very fine sandy loam as “medium”; material
composed predominantly of particles coarser than very fine sand as
“coarse”; and material composed predominantly of particles larger
than medium-grained sandy as “very coarse.”

Test holes were bored to a desired depth by a hand auger and the
samples were collected by forcing or driving a cylindrical sampler
into the material to be tested. Each time the sampler wes used, a
brass liner was inserted in it to receive the soil sample. When the
liner containing the sample was extracted from the sampler, the liner
was sealed at both ends.

A constant-head permeameter was used in determining the coef-
ficient of permeability. The sample in the brass liner was inserted
in the water-circulating system, and the coefficient of permeability
was computed from measurements of the differential head of water,
the cross-sectional area and length of sample, and the rate of water
flow through the sample.

The centrifuge moisture equivalent was determined by reasuring
the amount of water yielded by a saturated sample subjected for
1 hour to a centrifugal force 1,000 times the force of gravity. The
specific retention, which is the measure of water retained in a sample
against the force of gravity, and the specific yield, which represents
the amount of water yielded from a saturated sample by gravity,
were computed from the centrifuge moisture equivalent by applying
a correction factor proposed by Piper (1933). Both are expressed
as percentages by volume.

Porosity is defined as the ratio of the volume of void spaces in a
material to the volume of the material and is expressed in per-
centage. The porosity of each sample was determined from the
following equation :

specific gravity — apparent specific gravity> ,

specific gravity 100

Porosity=

The specific gravity of the grains was determined by comparing the
dry weight of the sample with the volume of grains, and the ap-
parent specific gravity by comparing the dry weight to t= volume
of the sample.
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The particle-size analyses were made after the other tests had been
completed. The average porosity, specific retention, specific yield,
and coefficient of permeability for each textural classification is given
in table 11.

TaBLE 11.—Average physical and hydrologic properties of unconsclidated materials

Porosity Swecific Specific | Coefficient of
Textural classification (percent by| retention yie'l permeability
volume) ((percent by|(percent by{ (meinzers)

volume) volune)

Heavy (clay and silty clay) ___________ 44,7 27.7 17.0 7.2
Moderately heavy (clay loam, silty clay

loam, and sandy eclay loam). . ______. 47. 2 18. 6 28. 6 22
Medium (loam, silty loam, and very

fine sandy loam)___________________ 41. 3 13. 2 28. 1 24
Coarse (predominantly coarser than

very finesand) . .__________________ 38. 9 7.2 31.7 98
Very coarse (predominantly gravel)_____ 1249 10 1249 | 16,000

! Only one sample tested.

DRAINAGE IN RELATION TO HYDROLOGIC PROPETTIES OF
THE TERRACE DEPOSITS

Tests indicate that the coarse-grained terrace deposits are moder-
ately to highly permeable and, therefore, conducive to gnod drainage.
The rate of flow through a cross section of these deposits in the
vicinity of an aquifer test can be estimated from the computed co-
efficient of permeability and the hydraulic gradient. Similarly, the
rate of flow in an area which is not tested, but where the thickness
of the aquifer is known, can be estimated by assuming ¢. permeability
coefficient similar in magnitude to others determined elsewhere for
the same aquifer.

The properties of the fine-grained sediments overlying the coarse-
grained terrace deposits are important in determining whether the
land is irrigable and whether it can be drained. Laboratory tests
indicate that the hydrologic properties vary greatly even though
the textural properties are similar. For example, some samples
classified as medium had a lower coefficient of permeability than
some samples classified as heavy. The specific retention generally
proved to be the only property consistent with the particle-size
analysis; hence, the textural classification apparently is a good
measure of the capillary retentiveness of the material and the height
of the capillary fringe above the water table. Because of this rela-
tionship between capillarity and soil texture, soil-classification maps
were used in deciding how deep the drains must be to lower the
water table sufficiently to alleviate waterlogging.

Because the laboratory determinations of test-hole samples show
a wide range in values for the coefficient of permealility, average
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values should be used with caution as determining factors in design-
ing drains.

A comparison of specific yields determined by laboratory tests
with the storage coefficients determined by field tests sugge~ts that
the larger values obtained in the laboratory represent the storage
coefficient to be expected after a very long period of draining and
that the smaller values obtained from the field tests represent the
storage coefficient of the fine-grained sediments during only the short
period of the field test. Therefore, the laboratory values are more
nearly representative of the effectiveness of drainage measuves.

The theoretical considerations discussed above have been applied
in suggesting drainage programs for specific units in the Lit‘le Big-
horn valley. These units are discussed separately beginring on
page 96.

BEDROCK AQUIFERS

The consolidated aquifers underlying the area are recharged prin-
cipally where they are exposed or lie close to the land surface. The
Parkman sandstone is exposed or underlies the stream deposits
throughout much of the area but the other bedrock aquifers are
exposed outside the area along the foot or on the slopes of the Big-
horn Mountains. From these recharge areas, the aquifers dip below
shale layers, which—owing to their low permeability—probably pre-
vent any significant natural discharge within Big Horn County.
Little water is withdrawn from the aquifers through wells.

Water in artesian aquifers below the Parkman sandstone is under
fairly great pressure because the recharge areas are from 500 to
2,000 feet higher than the report area. The water pressurn at the
land surface in well D6-35-21db (P-8), which taps the Cloverly
formation, was 80 psi, or equivalent to about 185 feet of head.

Water within the Parkman sandstone occurs under relativel” slight
artesian pressure or under water-table conditions. The piezometric
surface was between 10 feet below and 10 feet above the land surface
at all points where it could be measured. In the vicinity of Lodge
Grass the water level in the Parkman sandstone is relatively high
probably because the formation is recharged by the infiltrrtion of
irrigation water applied to overlying terrace deposits. The sand-
stone beds of the Parkman transmit the water downdip to the east
where the water becomes confined below a layer of shale.

The Parkman sandstone is tapped by the municipally owned well
of Lodge Grass and by several privately owned wells within the city.
The largest withdrawals from this formation are made by well D6-
35-13ac4 (P-5). The effect of pumping this well is shown by the
hydrograph of the water-level fluctuations in well D6-35-13ab
(5-N1). (See fig. 15.)
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DEPTH TO WATER BELOW LAND SURFACE,

Because the Parkman sandstone crops out along the river bank and
fluctuations of the river level are similar to the water-level fluctua-
tions in nearby wells (fig. 16), it is believed that the river water is
hydraulically continuous with the ground water in the Parkman sand-
stone. Pumping of large quantities of water from the Parkman
sandstone in this vicinity would induce infiltration of river water,
which, in turn, would sustain the yield of the wells. That effect,
however, would tend to reduce the flow in the river ard the possible
effect on downstream water rights would have to be considered.

Because the dense shale beds separating the bedrock aquifers trans-
mit water so slowly and because no faults or joints along which water
might pass are known to exist in the shale, no appreciable inter-

change of water is believed to occur from one bedrock aquifer to
another.
UNCONSOLIDATED AQUIFERS

Precipitation is the initial source of recharge to all aquifers within
the Little Bighorn River drainage basin. In this report, however,
the sources of recharge are referred to in terms of tho status of the
water just prior to its entry into an aquifer. Therefore, precipita-
tion is considered a source of recharge only when it infiltrates directly
to the zone of saturation. Influent streams, irrigation canals and
laterals, irrigation water applied to cropland, and suk-urface inflow
are also sources of recharge.

All ground water discharged from the basin ultimately is returned
to the atmosphere. However, in this report, the mear< of discharge
are referred to in terms of the status of the water immediately after
it Jeaves an aquifer, or leaves the area within an aquifer. Thus,
effluent streams, springs and seeps, evapotranspiration, underflow, and
manmade drains all are regarded as means of discharve.
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The relative magnitude of the several sources of potential re-
charge to the 14,617 acres of irrigated land in the ar~a during the
irrigation season, expressed in feet of water, are estimated as follows:
delivered irrigation water, 2 to 3 feet; leakage from the irrigation
distribution system, 1 to 1.5 feet; precipitation, about 0.75 foot; and
influent streams and subsurface inflow, less than 0.5 foot. Whereas
only a part of the irrigation water delivered and of the precipitation
reaches the zone of saturation, all the water from canal and ditch
leakage and from influent streams and underflow probably reaches
the ground-water reservoir. The relative magnitude of the various
sources of recharge to the unconsolidated deposits underlying indi-
vidual farms is extremely variable with locality. For instance, the
principal source of recharge on a farm adjacent to the main canal
may be canal leakage, whereas that on a farm at the mouth of a large
drainageway may be underflow.

The amount of precipitation that infiltrates to the zone of satura-
tion is not directly related to the amount of rainfall. On gently
sloping land that is poorly drained, the duration and intensity of
rainfall become less important than other factors in determining
the percentage of precipitation recharging the ground-water reser-
voir. A comparison of the hydrographs of the water levels in wells
D2-34-3ccl (A-25) and D2-34-36db1 (A-62) (fig. 17) with the daily
precipitation graphs for Crow Agency and Hardin (pl. 12) illustrates
the varying effect of precipitation on ground-water storage. When
the moisture content of the soil zone above the water table was low,
a large part of the precipitation was stored as soil moisture and only
the small remainder infiltrated to the zone of saturation. Con-
versely, when the moisture content of the soil was high, a greater part
of the precipitation infiltrated to the zone of saturation. For example,
during the period October 21 to 26, 1953, when the soil moisture was
low, the water level in well D2-34-3cel (A-25) rose 8.28 inches in
response to 2.46 inches of precipitation; and during the period of
May 20 to 23, 1952, when the moisture content was high, the water
level in the same well rose 7.66 inches in response to 1.14 inches of
precipitation. In other words, in the vicinity of this well propor-
tionately only half as much precipitation reached the water table in
October 1953 as in May 1952. The fields surrounding this well are
not irrigated. The water-level fluctuations that do not correlate
with the periods of precipitation were caused by varying rates of
evapotranspiration (fig. 18) and varying canal stage. The relation-
ship of the water level in well D3-34-1ac7 (A-84), 50 feet from the
canal, is shown by hydrographs in figure 19.

Records of water-level fluctuations in observation wells provide
information on the ratio of recharge to discharge. A rising water
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FIoURE 17.—Hydrographs of water-level fluctuations in well D2-34-3ccl (A-25) and D2-34-36db1l (A—62).

47



>
[0°¢]

LITTLE BIGHORN RIVER VALLEY, MONTANA

L5 MAY JUNE JuLY AUGUST  SEPTEMBER OCTOBER
0.
o
(72}
S l
E |
85 050 j
=
xO ‘ ‘
[ | il
2z i il
<5025 ; i
L IDRE AL
gz ‘ 3
< ‘ } f
> i

0.00 ! .

2.70 10.12 13.86 1150 7 7=

MONTHLY TOTAL, IN INCHES

FIGURE 18.—Daily evapotranspiration loss in vicinity of well D2-34-3ccl (A-25) during
irrigation season, 1952.

level indicates that recharge is greater than discharge, £nd vice versa.
For example, the hydrograph for well D2-34-3ccl (A-25) (fig. 17)
is interpreted as follows:

Discharge by natural subsurface drainage exceeded recharge from
upland drainage during the first 4 months of 1953, except for short
periods when rain and thawing caused recharge from the surface
to exceed drainage. About a week after water was turned into the
canal, additional recharge from canal leakage and spring rains caused
the total recharge to exceed the discharge. After the first week in
June, the increased rate of evapotranspiration caused discharge to
exceed recharge once again, but in July the relatiorship reversed
once more because the canal leakage increased as a result of a higher
canal stage. From mid-July through September the recharge-dis-
charge relationship reversed several times owing to variations in the
evapotranspiration rate, canal stage, and amount of precipitation.
In the latter part of September, the water level rose because of a
decrease in evapotranspiration, but warmer daytime temperatures and
a reduction in canal stage during October reversed that trend. An
abrupt rise in water level coincided with a period of heavy rainfall
that began on October 22. As a killing frost followed the rain and
as water was turned out of the canal, the water-level declined during
the latter part of the year, thus indicating that natural drainage
exceeded subsurface recharge. It is unlikely that dis*ant irrigation
caused any water-level changes in the vicinity of well D2-84-3ccl
(A-25).

Hydrographs of the water level in wells D2-34-14ka (A-35) and
D4-35-9aal (B—45) in figure 20 illustrate the effect of infiltrating
irrigation water on ground-water storage. The effect of leakage
from a canal is illustrated in figure 21 by a hydrograph of the water
level in well D3-34-1ac7 (A-64).
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Evapotranspiration probably is the principal cause of water-
level decline in well D3-34-1dc (B-1) during the growing season.
(See fig. 22.) Because plant growth keeps the soil-moisture content
low, probably most of the precipitation that infiltrates the grcmnd is
held above the water table by capillarity and is used subsequertly by
the plants. After the growing season, recharge soon exceeds dis-
charge and, consequently, the water table rises. The effect of evapo-
transpiration on water levels in dryland areas is hardly noticeable
where the depth to water is several feet below the land surface.

Hydrographs of the water-level fluctuations in well D2-34-3ccl
(A-25) show the effect of withdrawals of water by evapotranspira-
tion during the growing season. (See figs. 23 and 24.) Daily with-
drawals were computed by using a formula proposed by White (1932,
p. 61) and the seasonal withdrawal was computed by totaling the
daily withdrawals (fig. 18). White’s formula is based on the assump-
tions that the rate of evapotranspiration between sunset and sunrise
is negligible and that the rate of rise of the water level batween
midnight and 4 a.m. represents the average rate of recharge for the
entire day. The formula is stated as

=y (24r=+s),
in which
g=the depth of water withdrawn, in inches;
y=the specific yield of the soil in which the daily water-level
fluctuations take place;
r=the hourly rate of water-level rise from midnight to 4 a.m.,
in inches;
and
s=the net fall or rise of the water level during the 24-hour period,
in inches.

The formula requires a determination of the specific yield of the
material in which the water-level fluctuations occur. However, as
specific yield, under field conditions, can be determined only by mak-
ing elaborate tests, estimated values were used in the formula.
Assumed values from 5 to 10 percent implied that the seasonal with-
drawal owing to evapotranspiration was about 3 feet, which is of the
same magnitude as the seasonal withdrawal by alfalfa in areas of
similar climate (Houk, 1951, p. 315). Although the value used for
specific yield may not be volumetrically accurate, the result: com-
puted from the formula show at least the relative changes The
evapotranspiration graph (fig. 18) is also an aid in interpreting
observed water-level fluctuations.

The fine-grained sediments are much less permeable than the un-
derlying coarse-grained sediments and tend to confine the water stored
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F1GURE 23.—Hydrograph of water-level fluctuations in well D2-84-3ccl (A-25) and
barograph of atmospheric-pressure changes, July 6-12, 1973.
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FIGURE 24.—Hydrograph of water-level fluctuations in well D2—34—3cel (A-25) and
barograph of atmospheric-pressure changes, October 15-21, 1953.
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in the coarse-grained sediments. In the resulting artesian system,
changes in air pressure at the water surface in a well are only partly
compensated by changes in pressure on the water in the aquifer,
where the pressure effects are dampened by the slow transmission
of pressure through the material of the confining stratum. Th~ well,
therefore, is an inefficient water barometer. The water level in well
D2-34-8ccl (A-25), as in several other wells also equipped with
recording gages, fluctuated in response to changes in barometric
pressure. (See fig. 25.) Such water-level fluctuations are more pro-
nounced during the winter months when the ground is frozen. The
rate of change in barometric pressure affects the barometric efficiency
of the well—rapid changes cause proportionately larger water-level
fluctuations than do slow changes.

When water is turned into the canal and laterals at the beginning
of the irrigation season, the ground-water level adjacent tc these
ditches starts to rise rapidly. In some places the rise is as much as
10 feet by the middle of the irrigation season. The amount of rise
is not dependent wholly upon the quantity of leakage, however, but
varies also with differences in rates of subsurface drainage which may
be faster in one place than in another.

Measurements with a current meter of the difference in flow be-
tween two stations 3 miles apart were not sufficiently accurate to
determine the quantity of canal leakage because the difference in flow
was within the probable error of the measuring equipment. An
attempt was made, therefore, to measure leakage by an irdirect
method.
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FicURE 25.—Hydrograph of water-level fluctuations in well D2-34-3ccl (A-25) and
barograph of atmospheric-pressure changes, February 22-28, 1954.
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It was reasoned that, if changes in canal stage cause corresponding
changes in ground-water levels, pertinent data could b~ collected and
analyzed in terms of rate of leakage. Accordingly, eight wells were
installed along a line perpendicular to a straight section of the canal
(pl. 4) and the canal stage was controlled by opening and closing a
check gate a short distance downstream from the line of wells. The
data collected from these tests are given in tables 12 ard 13 and were
substituted in two formulas (p. 59-60), which were developed by Jacob
(1950) and later tested and revised by Ferris (1950, 1951).

TABLE 12.—Water-level measurements in nine observation wells during canal-leakage
test, Agency unit

[Feet below measuring point)
Depth to Depth to Depth to
Date and time water Date and time water Date ar time water
(feet) (feet) (feet)
D3-34-1acl (CP-3)
Oct. 8, 1952 Oct. 8, 1952 Oct. 10, 1952
9:39 a.m. 10. 64 || 2:44 p.m 10. 34 || 10:03 a.m 9, 69
10:06 10. 65 || 2:49 10. 36 }| 10:14 9. 66
10:18 10. 63 || 3:07 10. 34 || 10:26 9. 66
10:30 10. 63 || 3:23 10. 33 || 10:39 9. 67
10:48 10. 62 || 3:40 10. 34 || 10:57 9. 66
11:03 10. 60 || 3:55 10.35 || 11:11 9. 67
11:18 10. 60 || 4:10 10. 35 || 11:26 9. 68
11:44 10. 56 || 4:28 10. 35 || 11:43 9. 68
12:05 p.m. 10. 54 || 4:43 10. 36 || 12:20 p.m 9. 74
12:31 10. 50 || 4:55 10. 36 || 12:58 9. 76
12:43 10. 49 || 5:31 10. 36 1:38 9. 79
1:05 10. 45 2:13 9. 80
1:32 10. 41 Oct. 10, 1952 2:52 9. 81
2:05 10. 37 3:45 9. 88
2:11 10. 37 || 9:06 a.m. 9. 70 4:52 9. 87
2:20 10. 35 || 9:38 9. 67
2:31 10. 35 || 9:47 9. 66
D3-34-1ac2 (CP-2)
Oct. 8, 1952 Oct. 8, 1952 Oct. 10, 1952
9:41 a.m. 13.24 || 2:40 p.m. 12. 76 9:44 a.m. 12. 01
10:08 13.24 || 2:53 12. 78 9:57 12. 02
10:21 13.16 || 3:04 12. 80 || 10:07 12. 03
10:32 13.16 (| 3:21 12. 80 || 10:24 12. 04
10:51 13. 13 || 3:36 12.80 || 10:36 12. 05
11:06 13. 13 || 3:52 12. 81 10:55 12. 05
11:21 13. 09 || 4:06 12. 84 11:09 12. 06
11:41 13.07 || 4:25 12. 84 11:24 12. 07
12:03 p.m. 13.09 || 4:39 12. 84 || 11:41 12. 08
12:28 12. 99 || 4:50 12. 86 || 12:17 p.m. 12. 14
12:41 12. 95 || 4:59 12. 86 12:55 12. 15
1:03 12, 89 || 5:12 12, 88 1:36 12. 17
1:30 12. 82 || 5:26 12. 87 2:16 12. 17
2:03 12. 76 2:50 12. 17
2:09 12. 75 Oct. 10, 19562 3:43 12. 25
2:16 12. 75 i 4:47 12. 28
2:29 12.75 || 9:34 a.m. 12. 00
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TABLE 12.—Waier-level measurements in nine observation wells during canal-leakage

test, Agency unit—Continued

Depth to Depth to Depth to
Date and time water Date and time water Date and time water
(feet) (feet) (feet)
D3-34-1ac3 (CP-1)
Oct. 8, 1952 Oct. 3, 1952 Oct. 10,1952
9:43 a.m 8. 54 || 2:46 p.m 8. 09 9:42 a.m 7.38
10:10 8. 50 || 2:58 8. 12 9:49 7. 38
10:23 8.47 || 3:15 8 13 9:55 7.38
10:35 8.46 || 3:33 8. 15 || 10:05 7. 40
10:53 8 42 || 3:46 8.16 || 10:21 7. 41
11:08 8. 40 || 4:00 8. 18 || 10:34 7. 43
11:23 8.36 || 4:20 8.19 || 10:53 7. 48
11:37 8.32 || 4:37 8.20 || 11:07 7.51
11:59 8.23 (| 4:47 819 || 11:22 7. 53
12:27 p.m 8.15 || 4:57 8.17 | 11:39 7. 57
12:37 8 11 }f 5:10 8. 18 || 12:15 p.m 7. 62
1:00 8.08 || 5:22 8.17 || 12:52 7. 66
1:28 7. 99 1:34 7. 69
2:00 7. 99 Oct. 10, 1952 2:05 7.71
2:07 8. 02 2:47 7. 74
2:14 8.04 || 9:00 a.m. 7.37 3:41 7.78
2:35 8.07 || 9:32 7.37 4:42 7. 80
D3-34-1ac4 (CP-4)
Oct. 8, 1962 Oct. 8, 1952 Oct. 10, 1952
9:30 a.m. 10. 12 || 2:10 p.m 9. 81 10:14 a.m 9. 21
10:04 10. 11 || 2:26 9. 82 || 10:21 9. 22
10:12 10. 11 || 2:44 9.81 | 10:34 9. 23
10:17 10.11 || 3:03 9. 83 || 10:45 9. 24
10:23 10. 11 || 3:23 9.83 {| 10:57 9. 25
10:29 10. 10 || 4:03 9.85 || 11:07 9. 25
10:40 10. 09 || 4:23 9.86 || 11:20 9. 27
10:55 10. 08 || 4:55 9.87 || 11:23 9. 28
11:10 10. 06 || 5:31 9.86 || 11:37 9. 29
11:25 10. 04 11:53 9. 28
11:41 10. 01 Oct. 10, 1952 12:31 p.m 9. 32
12:09 p.m 9. 93 1:21 9. 35
12:38 9. 86 || 8:56 a.m. 9. 22 1:51 9. 36
1:00 9.86 || 9:32 9.21 2:31 9. 39
1:27 9. 83 || 9:47 9. 21 3:13 9. 40
1:53 9.82 || 9:59 9. 21 4:21 9. 44
D3-34-1ac5 (CP-5)
Oct. 8, 1952 Oct. 8, 1952 Oct. 10, 1962
9:32 a.m. 11. 28 2:28 p.m. 11. 12 || 10:11 a.m 10. 62
10:09 11. 40 2:50 11. 12 || 10:23 10. 61
10:14 11. 40 3:10 11. 12 || 10:32 10. 61
10:20 11. 41 3:28 11. 12 || 10:48 10. 61
10:26 11. 42 4:10 11. 21 || 10:55 10. 62
10:32 11. 42 4:29 11.22 || 11:09 10. 61
10:50 11. 42 5:03 11. 22 || 11:18 10. 62
10:57 11. 41 5:37 11.22 || 11:27 10. 62
11:12 11. 39 11:35 10. 63
11:27 11. 38 Oct. 10, 1952 11:55 10. 55
11:43 11. 35 12:34 p.m 10. 61
12:12 p.m 11. 29 8:54 a.m. 10. 57 1:24 10. 63
12:39 11. 17 9:34 10. 57 1:53 10. 58
1:01 11. 16 9:44 10. 59 2:34 10. 59
1:29 11. 12 9:49 10. 60 3:15 10. 60
1:57 11. 09 9:57 10. 62 4:25 10. 67
2:16 11. 13 |{ 10:01 10. 62

508882 0—690——5
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TARLE 12.—Water-level measurements in nine observation wells during canal-leakage

test, Agency unit—Continued

Date and time

Depth to
water
(feet)

Date and time

Depth to
water
(feet)

Date and time

Depth to
water
(feet)

D3-34-1ac6 (CP-8)

Oct. 8, 1952 Oct. 8, 1952 Oct. 10, 1952
9:25 a.m 7. 42 3:37 p.m. 7.20 || 10:30 &.m 6. 65
10:34 7. 42 4:13 7.23 || 10:53 6. 66
11:00 7. 40 4:32 7. 24 11:11 6. 67
11:14 7. 40 5:06 7.24 || 11:16 6. 68
11:30 7. 38 11:29 6. 68
11:45 7. 36 Oct. 10,1952 11:33 6. 68
12:14 p.m. 7 32 11:57 6. 68
12:40 7.27 8:52 a.m. 6.66 || 12:39 p.m 6. 71
1:06 7.25 9:37 6. 63 1:26 6. 72
1:33 7. 24 9:42 6. 64 1:55 6. 73
1:59 7.19 9:51 6. 65 2:36 6. 75
2:18 7. 20 9:55 6. 65 3:22 6. 76
2:30 7.20 || 10:03 6. 65 4:30 6. 80
2:52 7. 20 10:08 €. 65
3:13 7.20 10:25 6. 65
D3-34-1ac7 (A-64)
Oct. 8, 1952 Oct. 10, 1952 Oct. 10, 1952
9:45 a.m 7. 01 9:05 a.m 6.03 || 12:18 p.m, 6. 20
10:23 6. 98 || 10:00 6.03 || 12:40 6. 22
10:33 6. 96 10:15 6. 04 1:10 6. 25
10:43 6.95 || 10:25 6. 05 1:45 6. 28
10:54 6.93 || 10:35 6. 06 2:20 6. 31
11:19 6.90 || 10:45 6. 07 3:03 6. 33
11:29 6. 87 || 10:52 6. 08 4:00 6. 35
11:49 6.84 || 11:00 6. 09 4:55 6. 38
12:04 p.m. 6. 81 11:07 6. 10 6:10 6. 41
12:31 6.75 || 11:13 6. 11 7:30 6. 43
12:50 6. 72 11:19 6. 12 8:45 6. 44
1:13 6.68 || 11:30 6. 14 || 10:20 6. 45
1:30 6.66 || 11:45 6.16 || 11:59 6. 46
2:00 6.62 || 12:03 p.m 6. 18
D3-34-1ac8 (CP-6)
Oct. 8, 1952 0d:. 8, 1952 Oct. 10, 1952
9:20 a.m 8 21 2:55 p.m, 8. 02 || 10:28 a.m. 7 51
10:38 8. 21 3:15 8.05 || 10:52 7. 52
11:02 8. 20 3:39 8.05 [ 11:13 7. 53
11:17 8. 20 4:16 8.06 (| 11:31 7. 53
11:32 8 19 4:38 8. 07 11:59 7. 51
11:47 8. 17 5:11 8. 07 12:41 p.m. 7. 55
12:16 p.m. 8 15 1:28 7. 57
12:42 8. 10 Oct. 10, 1952 1:57 7. 587
1:07 8. 08 2:39 7. 58
1:38 8. 06 8:50 a.m. 7. 50 3:31 7. 60
2:01 8. 05 9:40 7. 50 4:33 7.62
2:20 8. 05 9:53 7. 51
2:32 8. 04 || 10:05 7. 51
© D3-34-1bd (CP-7)
Oct. 8, 1952 Oct. 10, 1952 Oct. 10, 1952
9:25 a.m. 10. 54 9:10 a.m. 10. 32 1:41 p.m. 10. 28
12:47 p.m. 10. 50 || 11:28 10. 29 2:55 10. 27
1:09 10. 51 12:23 p.m. 10. 29 3:50 10. 28
1:35 10. 50 1:03 10. 29 4:57 10. 28




GROUND WATER 59

TaBLE 13.—Allitude,in feet, of water surface in canal af three points during canal-
leakage test, Agency unit

[Altitude of canal bottom at bridge, 3,029.7 ft; at check gate, 3,029.9 ft)

Date and time Bridge! | Turnout | Check Date and time Bridge ! | Turnout | Check
gate 2 gate 3 gate 2 gate 3
Oct. 8, 1952 Oct. 8, 1952

9:50am. | ... 2:30 p.m. 3,032.37
9:55 3,031. 67 2:35 3,032.29
9:57 3,031.93 238 |l

10:02 3,032.20 2:40 3,032.21

10:07 3,032.41 2:45 3,032.15

10:12 3,032. 58 2:50 3,032.07

10:17 3,032.71 2:55 3,032.03

10:22 3,082.83 3:00 3,031.97

10:27 3,032.93 3:05 3,031.93

10:32 3,033.02 3:10 3,031.91

10:37 3,033.10 3:15 3,031.87

10:42 3,033.17 3:20 3,031.85

10:47 3,033. 22 3:25 3,031.83

10:52 3,033.27 3:30 3,031.81

10:57 3,033. 31 3:35 3,031.79

11:02 3,033.35 3:40 3,031.77

11:07 3,033.39 3:45 3,031.77

11:12 3,033. 42 3:50 3,031, 77

11:17 3,033, 44 3:55 3,031.75

11:22 3,033.46 4:00 3,031.73

11:27 3,033.48 4:05 3,031.73

11:32 3,033, 50 4:10 3,031.73

11:37 3,033. 51 4:15 3,031.73

11:42 3,033. 53 4:20 3,031.71

11:47 3,033. 54 425 0 |eeeeeeeees

11:52 3,033, 55 !

12:07 p.m 3,033. 56 QOct. 10, 1952 I

12:24 3,033. 58

12:31 3,033. 59

12:49 3,033.60 |-coooooeocfoceeae || 92280 ]3,083.65 | ... ooooe.
1:12 3,033. 60 3,033. 45
1:54 3,033. 61 3,033.30
1:55 0 femeemeo 3,033.20
2:00 3,083.61 |....o_.-_| 3,033.45 || 9:58 [3,033.42 | o _iommoao_.
2:01 3,033. 61 3,033.13
2:02 3,033.59 3,033.06
2:03 3,033.56 |-coocoenfoceceeeen |} 10228 13,083.27 | oo i
2:04 3,033. 48 3.032.92
2:05 3,033.41 3,032.79
2:06 3,033.29 3,032.62
2:07 3,033.13 3,032.41
2:08 3,083.09 [-coomoamofommacan | 20:58 [ 3,082.68 |l oo
2:09 3,033.05 3,032.18
2:10 3,033.01 3,031. 94
2:11 3,032.97 3,031.73
2:12 3,032.93 .
2:13 3,032.80 oo feeooioo ]| 1248 | 3,03L.89 | ol e
2:14 3,032.83
2:15 3,032.81 |..__..._.|] 3,082.5¢4 || 200 = |3,080.86 |- ooeon comanan
218 |
2:20 3.032. 63
2:25 3,082.53 |occoceaa| e || 408 | 3,03L.84 | _________ ..
2:26

1 Upstream from line of observation wells,
2 Opposite well D3-34~1ac3 (CP-1).
3 Downstream from line of observation wells; used to control canal stage during test.

One formula may be used if the rate of discharge to or recharge
from a line sink or line source is changed from one constant rate to

another constant rate.

where

Qe[ e

s=o7r

2T Luyw

The formula is as follows:

z
—2_— VTS e““’du];
V7 Jo

s=drawdown, in feet, at any point in the vicinity of the drain
(or canal) discharging at a constant rate;
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@»=constant discharge (that is, base flow) of the dr»in (or canal),
in gallons per minute per lineal foot of drain (or canal);
xr=distance, in feet, from the drain (or canal) to the point of
observation;
t=time, in days, since the drain (or canal) began discharging;
and
S and 7 have the meaning and units already defned.

A constant change in the rate of recharge was assumed to accompany
a constant change in head in the canal because the water level in the
aquifer was below the bottom of the canal. By substituting values
determined at a nearby pumping test tor § and T, the equation was
solved for Q.

The second formula was for cyclic sinusoidal changes in stage:

srz 2808 —4.8 v SﬂoT’
where

s,=range of ground-water stage, in feet;
s,=—amplitude or half range of the surface-water stage, in feet;
r=distance from the observation well to the surface-water
contact with the aquifer (“suboutcrop’), in feet;
t,=period of the stage fluctuation, in days;
and
S and T have the meaning and units already defined.

An attempt was made to create changes of this type by controlled
operation of a downstream canal check gage. This equation was
solved to verify the S/T ratio used in the first formula.

A combination of operational difficulties, inadequate time for test-
ing, and natural deviations from ideal conditions produced results
that were inconsistent and, therefore, questionable. However, by
assuming extreme conditions and by assuming that changes in rates
of ground-water flow were proportional to changes in the slope of
the piezometric surface (that is, Darcy’s law, @=T1L) both when
water was flowing in the canal and when the canal was empty, it was
computed that canal leakage ranged between 100 and 400 gpd per
lineal foot of canal.

The formulas for determining rate of leakage reg-uired that the
coefficients of transmissibility and storage be known. As no aquifer
test was made in the immediate vicinity of the cansl-leakage test,
coefficients of transmissibility and storage from the-test at D2-34-
36db3 (P-2) were substituted in the formulas.

Study of the data collected during this test may prove valuable in
planning similar tests and in developing this method of measuring
canal leakage.
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UTILIZATION
DOMESTIC AND STOCK USES

Throughout most of the area, wells yield sufficient water for domes-
tic and stock uses although at places deep drilling is necessary to
obtain an adequate supply. Throughout most of the irrigated part
of the area, the unconsolidated deposits are water bearing b>low a
level ranging in depth from less than 1 foot to about 10 feet below
land surface. (See pls. 5, 6, 8,10, 11.) In nonirrigated parts of the
area the unconsolidated deposits are water bearing, but the zone of
saturation is much thinner and the depth to water ranges from about
10 to 30 feet. All the wells north and some of the wells south of Crow
Agency tap the unconsolidated deposits.

West of the Little Bighorn River, in places where there are no
unconsolidated deposits, water suitable for domestic and stcck use
generally is not present at shallow depth. Farmers who h2ve no
wells, or whose wells yield water of unsuitable quality, gemerally
purchase water in town, truck it home, and store it in cisterns.

In most places south of Crow Agency, abundant supplies of water
can be obtained readily from the Parkman sandstone at depths of
less than 200 feet, but north of Crow Agency the Parkman either
is too thin to be a source of supply or is missing entirely. Small
supplies of water probably could be obtained from the deeper bedrock
aquifers. The Eagle sandstone equivalent and the Frontier forma-
tion are potential sources of water supply within a depth of 3,000
feet, but the supply is not likely to be large. The high cost of drill-
ing to these formations has discouraged development of supplies from

these sources.
INDUSTRIAL AND MUNICIPAL USES

Sufficient water for many industrial uses could be obtained from
the unconsolidated stream deposits wherever they are recharyed by
infiltrating river or irrigation water. Even in the most favorable
locations, however, the maximum yield from a properly cons‘ructed
well 12 inches in diameter probably would not exceed 300 gpm. Wells
tapping unconsolidated deposits that are not close to a source of
recharge probably would not have a sustained yield of more than
20 gpm.

Crow Agency obtains water from a large-diameter, brick-walled,
dug well near the edge of the river. This well is connected b'y pipe
to a collection gallery, and when the water level in the well is
lowered by pumping, water flows from the collection gallery into
the well. During extended periods of pumping the capacity of the
pump exceeds the rate of inflow to the well and a temporary water
shortage results; during critical periods the vicinity of the collection
gallery is artificially flooded to increase recharge to the ccllector.
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Apparently the low yield of the supply system is largely a reflection
of entrance losses at the well and the shallow depth of the well and
collection gallery. Improvement of the present system or drilling a
more modern well is necessary to make the supply adequate. A
suitably situated well having a diameter of 8 to 12 inches, screened
throughout the full thickness of the water-bearing material and
properly developed, should yield at least 100 gpm; and the present
system could be retained as an emergency source of supply. Favor-
able areas for the site of a new well are shown in figure 26.

The Parkman sandstone is the most important aquifer for poten-
tial industrial supplies in the area. A well drilled through the full
thickness of this formation might, under favorable conditions, yield
as much as 500 gpm with a drawdown of 50 to 60 feet.

A single well tapping the Parkman sandstone supplied water to
the town of Lodge Grass until 1954, when a second well was drilled.
The first well was pumped continuously during the summer but the
demand often exceeded the yield of the well. A pump of larger
capacity set deeper in the well probably would materially increase
its yield. But before such an installation is made, it would be advis-
able to check the total depth of the well and the length of casing,
and to determine the specific capacity of the well by a thorough test.
The second well was drilled into the same aquifer and is used both
as a supplemental supply and as a standby in case tl older pump
fails.

The theoretical drawdown of the water level in the Farkman sand-
stone at various distances from the city well is shown in figure 27.
This figure may be used to determine whether, by increased pumping
of the city well, the water level in nearby wells would be lowered
below the reach of the pumps.

Other bedrock aquifers in this area that would yield large quan-
tities of water are 3,000 feet or more below the land surface.

IRRIGATION USE

The only known use of ground water for irrigation in this area,
other than for watering lawns and gardens, is the irr‘gation of hay
fields with water from well D6-35-21db (P-6), which taps the
Cloverly formation. The water is applied by sprinkler. For many
years gardens and lawns in and around Lodge Grass also have been
watered from wells tapping the Parkman sandstone. At several loca-
tions in the southern part of the area, wells capable of delivering
about 2 acre-feet of water per day could be installed ir the Parkman
sandstone. Although the water from bedrock aquifers is unsuitable
for irrigation according to accepted standards (fig. 3 and p. 87),
no ill effects from its use had been detected to 1954.
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FIGURE 26.—Map of Crow Agency, Mont., showing favorable areas (shaded) for develop-
ment of ground-water supplies.

Very little irrigable land in the area could be irrigated more easily
with water from the unconsolidated deposits than from smrface
sources. The alluvium in the small tributary valleys possibly would

yield sufficient water for irrigation, but evidence indicates trat the
quality of the water is unsuitable.
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FACTORS AFFECTING DEVELOPMENT OF LARGE SUPPLIES

Most of the drilled wells in the unconsolidated deposits are con-
structed by sinking an unperforated, 4- or 6-inch open-end casing
into the saturated gravel to a depth of several feet below the water
table; then the casing is bailed until it is free of fine-grained material
and the water is clear. Some of the wells tapping the unconsolidated
deposits have become so silted that water cannot enter the casing.

Bedrock wells are drilled until they penetrate a water-bearing
sandstone sufficiently thick to yield enough water to me~t the expected
demand. The wells are usually cased only from th» surface to a
level a few feet below the base of the unconsolidated deposits and are
completed as open holes in the water-bearing rock. They then are
bailed until the water becomes clear. Some of the wells drilled into
bedrock have caved and are no longer usable.

Few, if any, of the wells have been designed for marimum yield or
efficiency. Where insurance against failure is important, a large yield
necessary, or increased efficiency demanded, improved practices of
drilling and developing wells must be followed.

If a well is to have the greatest possible yield, the loss in head
that occurs as the water enters the well must be kept at a minimum.



GROUND WATER 65

In constructing wells in the unconsolidated deposits, use of perfo-
rated casing or commercial-type well screen instead of blank cwen-end
casing would greatly facilitate entry of water into the well and,
thereby, reduce the total head loss. Wells that fully penetrate and
are screened throughout the full thickness of the aquifer are the most
efficient because the flow lines are parallel rather than convergent.
(See fig. 28.) The openings in the perforated casing or well screen
should be large enough to admit only the finer grained parti~les sur-
rounding it. Surging of the well loosens the small particles outside
the screen and pulls them into the well, thus creating a network of
coarse particles adjacent to the outside of the screen and increasing
the effective diameter of the well. The fine-grained material that
enters the well as a result of the surging can be removed by bailing.

No screen is necessary if a well drilled into a bedrock aquifer will
stand open without it. In doubtful cases, or to insure a long life for
the well, a screen or perforated casing through the entire thickness
of the aquifer is desirable. In general, to prevent caving above the
water-bearing horizon and ultimate failure of the well, it ir wise to
install unperforated casing from the land surface down to ti~ top of
the aquifer. This precaution is especially necessary where wells
derive water from the loosely consolidated beds of Cretacrous age
or younger.

‘Where no bedrock aquifer is present at a shallow depth, the instal-
lation of a battery of wells, an infiltration gallery, or a horizontal
collector well may be necessary if quantities of water are recuired in
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Fi6URE 28.—Sketch showing differences in pumping levels and head loss in three types
of wells.
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excess of that supplied by the conventional-type drille well. If a
multiple-well system is selected, the wells should be speced so as to
avoid excessive interference. Infiltration galleries or hcrizontal col-
lector wells generally are installed only where a small drawdown
is possible and where a source of recharge is nearby.

CHEMICAL QUALITY OF THE WATER
By R. A. Krrecer

SOURCE AND SIGNIFICANCE OF THE MAJOR DIS“OLVED
CONSTITUENTS

Calcium and magnesium are dissolved from many rocks, especially
limestone, dolomite, gypsum, and gypsiferous shale. Some of the
bedrock formations cropping out along the streams that drain the
Bighorn Mountains consist, at least in part, of one or more of these
rock types. Calcium and magnesium cause hardness and form scale
in boilers, hot-water pipes, and heaters. If present in suitable pro-
portions, however, they are desirable constituents in irrigation water
because they counteract the harmful effects of sodium or the soil and
tend to preserve a desirable soil texture.

Sodium and potassium are dissolved from nearly all rocks. Sodium
generally is present in much higher concentrations then potassium
in both ground and surface waters of arid regions of the United
States. If sodium constitutes most of the basic ions in a water, the
water may not be satisfactory for irrigation because of the detri-
mental effect of sodium on the soil.

Carbonate is dissolved from many rocks, particular'y those con-
taining calcium and magnesium carbonates. Carbon dioxide in water
aids in the dissolving process. However, the amount of carbonate in
water generally is very small, but dicarbonate, formed from carbonate
during solution of some rocks, may be present in appr>ciable quan-
tity. Water from such rocks as granite and gneiss may contain only
a small amount of bicarbonate, but water from limestone may con-
tain several hundred parts per million. In the evalration of the
suitability of water for irrigation, carbonate and bicarbonate are
important constituents. (See p. 83.)

Sulfate is dissolved mainly from gypsum but is derived also by
oxidation of iron sulfides. Sulfur is an essential plant nutrient. In
combination with calcium and magnesium, sulfate forms a hard scale
in boilers, hot-water pipes, and heaters.

Chloride is dissolved from many rocks and soils. A large amount
of chloride in water may be present naturally or mey have been
caused by return drainage from irrigated lands or by industrial,
municipal, or domestic effluents.
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Fluoride is present in natural water in concentrations generally
less than 1 ppm. If water containing more than about 1.5 ppm of
fluoride is used for drinking by children during the period of tooth
formation, the enamel of the teeth may become mottled or discolored.
However, the incidence of tooth decay may be decreased if the con-
centration of fluoride in drinking water is about 1 ppm (Dean, 1938,
p. 1443-1459).

Nitrate is the final product of aerobic decomposition of nitrogenous
organic matter, such as sewage, plants, and animal wastes Thus,
appreciable quantities of nitrate may be an indication of p-llution.
Usually the quantity of nitrate is not sufficient to cause herm, but
water containing more than about 45 ppm of nitrate, when used in
infant-feeding formulas, may cause a serious blood condition (Comly,
1945, p. 112-116).

Boron is one of the trace, but essential, elements necesrary for
plant growth. However, the concentration of boron nece-sary to
plants is very small. Plants differ markedly in their tolerance to
excessive concentrations of boron, but some crops may be injured
when the concentration in irrigation water is greater than about
1 ppm.

Specific conductance is a measure of the ability of a soltion to
conduct an electrical current. As the concentration of dissolvd mate-
rial increases, the electrical resistance of the water decreases and the
electrical conductance of the water increases. Thus, specific con-
ductance is a measure, though not a direct one as is the dissolved-
solids determination, of the total amount of dissolved mineral matter
in a water.

Percent sodium is computed by dividing the concentrntion of
sodium in equivalents per million by the sum of the equivalents per
million of the principal cations—calcium, magnesium, sodi"m, and
potassium—and multiplying by 100. The ratio of sodium to the
cations is important in irrigation water because it affects tho degree
to which sodium will replace calcium and magnesium in the base-
exchange complex of the soil. Excessive percent sodium in water
tends to cause soils to become relatively impermeable and difficult to
till and irrigate properly. In combination with the carbonate rad-
ical, sodium can cause the soil condition known as “black alkali.”

GEOCHEMISTRY

Samples of ground water for chemical analysis were collected from
the Cloverly formation, Claggett shale member of the Cody sl ~le, and
Parkman sandstone of Cretaceous age and from the unconsolidated
stream deposits of Quaternary age. The results of analysis ave given
in parts per million in table 14 and in equivalents per million in
table 15.
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